5% to 43% of residents of non-fluoridated communities [9] [10] [11] , while at the beginning of fluoride research this rate did not exceed 2% [14, 15] . This indicates that fluoride exposure from various sources has significantly increased.
In Polish national epidemiological surveys children are not screened for developmental defects of enamel, so little is known about their prevalence. The study of WochnaSobańska et al. [16] on four populations of 12-year-olds revealed that in localities with levels of fluoride in the drinking water of 1.25 mg/l,1.35 mg/l, 1.60 mg/l, and 0.25 mg/l, the prevalence of fluorosis was 18.2%, 33.4%, 35 .7%, and 0%, respectively. Czajka-Jakubowska reported that in the city of Środa Wielkopolska, where the level of fluoride in the drinking water ranged from 0.8 to 1.2 mg/l, 31% of 18-year-olds was affected by dental fluorosis [17] .
Our own recent studies of the population of 6-14-yearold schoolchildren living in Śrem Commune (Wielkopolska Province) , where the level of fluoride in the drinking water does not exceed 0.4 mg/l, revealed that 17% of the subjects had their dentition affected by fluorosis and 11% of the subjects had fluoride enamel opacities affecting teeth that develop during early childhood (i.e. the first permanent molars and incisors) [11, 18] .
Safety Considerations
The issue of safety of fluoride dental caries prevention has become a subject of interest of WHO experts, expressed in a series of reports and elaborations concerning this topic edited by WHO [2, 4, 5] . Experts have emphasized that an assessment of total fluoride exposure from various sources plays a key role in assuring the safe use of fluorides.
It is noteworthy that, according to current knowledge, the predominant caries preventive effect of fluoride is posteruptive and topical, which means that fluoride works mainly after teeth have erupted, when small amounts are present in dental plaque and saliva. Ingestion of fluoride is not essential for dental caries prevention. Thus, the modern concept of fluoride caries prevention involves maximizing the local effects and limiting swallowing of excessive fluoride during dentition development [1, 7] .
In Poland the safety of fluoride prophylaxis has also become the matter of numerous debates. Unfortunately, the level of knowledge of medical staff supervising or recommending fluoride prophylaxis is unsatisfactory [19] . Similarly, a study conducted in Malbork, a city with elevated fluoride content (up to 3.2 mg/l), revealed insufficient knowledge of the teenage respondents about the risks associated with consumption of excessive doses of fluoride [20] .
"Current knowledge of individual fluoride prevention of dental caries of children and young adults" was published in 2013 [21] . This paper, prepared on the initiative of the Polish Dental Society, contains the newest guidelines on the use of fluoride in dental caries prevention in Poland. As emphasized by the authors, "Due to its high cytostatic activity and little difference between therapeutic and toxic doses, fluoride requires a very careful application." New recommendations, patterned on European Academy of Paediatric Dentistry guideline [22] , limit the use of fluoride supplements to cases of confirmed high-risk dental caries development in regions with low fluoride content in the drinking water (<0.3 mg/l). Supplements are not recommended for children under the age of three years, since they increase the risk of fluorosis of the permanent front teeth. Fluoridated toothpaste is recommended starting from the eruption of the first primary teeth, provided that parents supervise the procedure and comply with a proper dosing schedule. The guideline is an expression of the modern trend in dental caries prophylaxis, assuming individual attitudes to every patient's therapy after considering the risk of dental caries and dental fluorosis.
Sources of Fluoride Exposure
Fluorine occurs in the environment in air, water, and soil, and in living organisms. Natural sources of fluorides are volcanic eruptions and geysers, the dissolution of minerals, and marine aerosols. The main anthropogenic sources include aluminum smelters; phosphate fertilizer factories; glass, brick, and ceramic manufacturing; and glue and adhesive production [1, 4, 6] . . Although fluoride might be a component of air pollution, inhalation exposure to this compound is not considered important for the general population in the European Union. It does not contribute more than 0.01 mg/day to total intake, except in occupational settings (e.g., aluminum workers where intake can be several milligrams) [6] .
Among various dietary compounds, infant formulas prepared with the use of fluoridated water, grape juice, tea and beverages containing tea extract, bottled waters, fish, and chicken have been recognized as important sources of fluoride intake [24] [25] [26] [27] [28] [29] . The use of fluoride dentifrice during early childhood and improperly prescribed fluoride supplements are also thought to be significant risk factors for enamel fluorosis. It has been estimated that approximately 0.5 mg of fluoride may be ingested by children when a 0.1% fluoride toothpaste is used twice daily. Fluoride supplements usually contain 0.25 to 1 mg of fluoride per tablet [30, 31] .
Despite the variety of fluoride sources in the environment, fluoride content in tap water remains a basic indicator of fluoride exposure of the population.
In Poland water is not artificially fluoridated. A 1996 study by Czarnowski et al. [32] on fluoride content in 94 localities in northern and central Poland revealed that in the majority of the studied country areas (62 localities) fluoride concentration was below 0.3 mg/l; however, in 24 localities it ranged from 0.3 to 1.0 mg/l and in eight localities it even exceeded 1.0 mg/l (with a peak value = 3.0 mg/l).
Polish and European Union Legislation on the Quality of Drinking Water
According to the EU Drinking Water Directive [33] , the memberships of the European Union are obliged to introduce constant monitoring of water quality used for human consumption. Requirements concerning the quality of such water, including bacteriological, physical, chemical, and organoleptic requirements, are laid down in the Regulation of the Minister of Health of 29 March 2007 on the quality of water intended for human consumption with further amendments [34, 35] . According to the regulation, the set of parameters that needs to be taken into account while monitoring drinking water includes fluoride concentration. The quality of water is supervised by the state sanitary inspector. Water supply companies and water supply network laboratories provide the state district sanitary inspector with access to data necessary to evaluate the quality of water intended for human consumption. When permissible values are exceeded for parameters defined in the regulation of the minister of health and the supply of drinking water cannot be maintained by any other reasonable means, the water supply must apply to the competent state district or border sanitary inspector for derogation. Derogation is possible only after considering health risk and obtaining a specific authorization and must be limited to the shortest time possible. One may apply for derogation no more than three times, each time for a period not exceeding three years. During the derogation period, durable solutions are supposed to be found. It is also required to implement a plan of remedial actions and inform the sanitary inspection on the progress achieved. First and second derogations are the responsibility of the national sanitary inspector. In the case of a third derogation, it is the European Commission who decides whether or not to grant permission [33] [34] [35] .
According to a Chief Sanitary Inspectorate report, in 2014 about 98% of the Polish population had access to water suitable for consumption (meeting requirements set out in the regulation) and 2% to water suitable for consumption under conditions of derogation or water conditionally suitable for consumption. About 36 million people in Poland have access to public water supply, but more than 2 million use private water wells, which do not have to comply with drinking water regulations [36] .
From 2010 to 2014, State Sanitary Inspection granted 14 derogations for fluoride content in the drinking water (eight first derogations and six second derogations). They [41] [42] [43] [44] [45] [46] [47] .
Most large water suppliers in Poland disclose information on various aspects of water quality on their websites. Table  1 presents website information on fluoride content in the drinking water provided by water suppliers from the capital cities of Polish provinces. Only in the city of Gdańsk did concentration of fluoride in the tap water in 2015 exceed the upper limit of 1.5 mg/l. Nine water suppliers did not include fluoride on the list of examined parameters.
It must be remembered that, according to both Polish and European regulations, the content of fluoride in the drinking water should not exceed the limit of 1.5 mg/l [33] [34] [35] . From the point of view of dental caries prevention this limit seems relatively high. Already in 1994 WHO reduced its so-called recommended fluoride content in drinking water to the range 0.5-1.0 mg/l [5] . In 2015 the U.S. Department of Health and Human Services released the new Public Health Service (PHS) recommendation for the optimal fluoride level in drinking water to prevent tooth decay. The new recommendation is for a single level of 0.7 mg/l. It updates and replaces the previous recommended range (0.7-1.2 mg/l) issued in 1962. The lower level is to maintain the protective decay prevention benefits of water fluoridation and reduce the occurrence of dental fluorosis [48] .
As reminded by WHO experts, national standards for fluoride should be set after considering the intake of water by the population of interest and the intake of fluoride from other sources (e.g., from food, air, and dental preparations). Where the intakes from other sources are likely to approach, or be greater than, 6 mg/day, it would be appropriate to consider setting standards at concentrations lower than the guideline value of 1.5 mg/l [49] . However, a considerable body of evidence indicates that intakes much lower than 6 mg/day can contribute to the development of dental fluorosis in infants [50] .
Artificial Feeding as a Risk Factor of Fluoride Overdosing
In 1997 the U.S. Institute of Medicine released upper limit (UL) recommendations for daily intake of fluoride. These limits were based on an average, chronic daily fluoride intake of 0.10 mg/kg b.w., which seems to be the threshold beyond which moderate enamel fluorosis appears in some children [51] . However, Fomon et al. [50] , who analyzed risk factors for dental fluorosis in children, suggest striving for intakes less than 0.07 mg F/kg b.w.
Since breast milk contains low concentrations of fluoride (mean 0.01 mg/l), breastfed infants receive only about 0.01 mg of fluoride daily [51] . According to current European legislation, infant formula must also contain low fluoride levels [52] . However, when powdered concentrate is mixed with fluoridated water, a baby may receive high fluoride doses per kilogram of body weight. In children who use formula as a primary source of nutrition, fluoride intake exceeds the recommended upper limits [29, 51] . Table 2 presents a hypothetical calculation of fluoride intake from fluoridated drinking water (1.5 mg/l of fluoride) used for reconstituting milk formula in artificially-fed infants, based on the current Polish infant feeding guidelines [53] .
Our own studies on fluoride content in Polish breast milk substitutes confirmed that infant formula itself contains low levels of fluoride, but when reconstituted in water containing more than 0.5 mg/l of fluoride it may increase the daily fluoride intake of children over UL (0.1 mg/kg b.w.) [29] . Moreover, calculation revealed that in order to keep fluoride intake from formula below the upper limit of 0.07 mg/kg b.w., the youngest infants should be fed with formula reconstituted in water containing no more than 0.3 mg/l of fluoride [27, 51] .
In the United States, the American Dental Association issued interim guidance on fluoride intake for infants and young children, suggesting that in areas with fluoridated water, if liquid concentrate or powdered infant formula is the primary source of nutrition it should be mixed with water that is fluoride-free or contains low levels of fluoride to reduce the risk of fluorosis [54] . Already in 1989 Ekstrand recommended that bottled or deionized water with low concentration of fluoride should be used instead of fluoridated water to dilute the formula [55] . a Based on a UL of 0.10 mg/kg/day of fluoride and an average body weights of 7 kg and 9 kg for infants aged 1-6 months and 7 -12 months, respectively [51] b Assuming that infants aged 1-6 months drink 630-900 ml of milk formula daily, infants aged 7-12 months drink 600-690 ml of formula daily, and 90 ml of water is used for preparation of 100 ml of formula [53] Table 2. Fluoride intake from 1.5 ppm fluoride water used to prepare milk formula, and upper tolerable intake levels (UL) of fluoride for infants aged 1-6 and 7-12 months.
However, fluoride content of bottled waters may also differ significantly. While tap water for human consumption must not contain more than 1.5 mg/l of fluoride, bottled waters might have higher concentrations. Some authors detected extremely high fluoride levels in commercially available bottled waters exceeding 5.0 mg/l. Moreover, many bottled waters did not show fluoride content on their labels [56] . Regulations of the Polish minister of health concerning natural mineral waters, spring waters, and table waters do not obligate manufacturers to display precise values of fluoride content in the product [57] . According to Polish and European legislation, the label should clearly state the following information: -"Contains more than 1.5 mg/l of fluoride; not suitable for regular consumption by infants and children under 7 years of age" when fluoride content in the product exceeds 1.5 mg/l. -"Contains fluoride" when the product contains more than 1.0 mg/l of fluoride. The content of fluoride in bottled waters available in Poland range from 0.01 to 1.39 mg/l [26, 58] . However, our own studies have revealed that all Polish brands of bottled waters labeled as being intended for infants and young children contain low fluoride content (≤0.3 mg/l) and thus can be used for preparation of milk formula instead of tap water [59] .
Conclusions
The review of available reports revealed that fluoride content of drinking water in the majority of the water intakes does not exceed the upper limits established by Polish and international legislation, apart from rare deviations concerning mainly small water suppliers.
However, the upper limit is relatively high and does not assure elimination of risk for dental fluorosis development. Infants fed with formula reconstituted in water are particularly susceptible to fluoride overdosing. Parents who use infant formula should obtain precise advice from health professionals about how to avoid excessive fluoride intake in their children. Since recommendations on the use of fluoride prophylaxis should consider total fluoride exposure, the availability of information about current fluoride levels in tap water should be improved. It would be advisable to present these data on the websites of water suppliers. Knowledge about the adverse health effects of fluoride is still lacking, so there is a need to increase education in this area.
